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Application of virtual labs in the analysis of automatic control systems
(Case Study: Gas Turbine Control Systems)
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The Gas Turbine Virtual Lab
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Compressor The purpose of the GT
| compressor section

i to compress air for
cooling and combustion.
The compressordraws in

| atmospheric air through
the air inlet and increases
its pressure while reduc-
ing its volume.

Case

Air Inlet

In an axial flow compressor the air
flows axially. This means that the air
flows in a relatively straight path in
line with the axis of the gas turbine.

Case Stator

Compressor Section Detail




image14.png
Blade Length
Slteri Blade Length
i
A
W S
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Compressor rotor blades are shorter
at the discharge than at the inlet.

This narrower working space is
caused by the decrease in casing
diameter, by the increase in rotor
wheel diameter, or both.

Some compressor blades have
knife-edge tips. At ambient
temperature, the compressor rotor
fits easily into the compressor case.
However, as the blades expand from
compression heat, they lengthen and
reduce clearance between the case
and rotors.
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Several methods are used to control
surging. For example, the two-shaft
gas turbine design reduces the
possibility of surging.

Compressors with higher
compression ratios have a greater
tendency to surge. Compression
ratios are discussed next.
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Some of this airflow also centers the
flame and keeps it from contacting
the combustion liner.

The other half of the secondary air
enters the combustion liner toward
the rear.

This part of the airflow dilutes the
combustion gases to an acceptable
temperature to improve the turbine
components service life.

The combustion process is
accomplished in the first third of the
combustion liner.

In the remaining two thirds of the
combustion liner, combusted gas
and air mix to provide even heat

distribution to the turbine nozzle.
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Anigniter plug is usually installed
in two of the combustion chambers.
When ignition occurs, a
high-intensity spark jumps actoss
the air gap of the ignitor plug. This
spark initiates combustion in the
combustion chamber.

The G.E. ignition system has two
transformer units and two leads to
" the igniter plugs.

The two transformer units may be
separate or housed in one unit.
After a normal start-up, ignition is no
longer needed and the ignition
system is deactivated.

Afterlightoff, the flame in the

combustor is the ignition source for
continuous combustion.

Igniter
Transformer : Plugs

G.E. Igniter Plug Installation and Transformer Components
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The gases leaving the nozzle vanes
reach their maximum velacity just
before they hit the first-stage turbine,
causing it to rotate.

The shape of the rotor blades also
accelerates the gases.

At this point, the gases still have
enough energy to do work.

The turbine blades redirect the hot
gases into the second row of nozzle
vanes,

The gases are again accelerated
between the nozzles.

The second set of nozzles generates
additional gas velocity just before the
hot gases impinge on (hit) the
second set of rotor blades.
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Seal dams formed by the teeth and
grooves in the labyrinth seal allow a
metered amount of air from the
engine gas path to flow inward.

The figure shows a typical
compressor rear bearing housing
arrangement.

Lube oil enters at the top of the
bearing housing and drains out the
bottom.

Labyrinth seals are installed in both
ends of the bearing housing with
bleed air pressure against the outer
surfaces of the seals.

The air flows between the teeth and
grooves of the seals into the bearing
housing. This prevents lube oil from
leaking through the seals.

Compressor Rear Bearing Housing Arrangement
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This lesson is the first in a series on
the lubricating oil system of a gas
turbine engine. It describes the
system as a complete unit.

Lessons presented later in this series
describe the major components of
the system:

« reservoir and pumps

« filters and coolers

* instrumentation and controls

This lesson begins by describing the
purposes of the lube oil system.
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One of the laws of thermodynamics
states that heat is transferred from a
hot substance to a cooler substance.

Lube oil cools the intemal parts of an
engine by absorbing heat. The ol
carries this heat away from the
engine.

The heat is removed from the oil
when the oil goes through the oil
cooler.

Qil also cleans internal engine parts.

As the oil flows through the engine, it
collects foreign matter and carries it
away with the oil returning to the
lube oil reservoir. Foreign matter is
removed in the lube oil filter.
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The purpose of the lube oil reservoir
i to contain an ample supply of
lubricant for the gas turbine,
accessory drive systems, gearbox,
and driven equipment.
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The lube ol reservoir also provides
the oil for starting, control,
positioning inlet guide vanes, and
trip oil circuits.
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